The paper is an attempt to understand how globalization (in the form of opening up an otherwise closed economy to commodity trade and foreign investment) would interact with the exchange rate regime chosen by a small open economy to determine its output-inflation tradeoff. Based on the stochastic dynamic Mundell-Fleming model, our theory suggests that, under "normal" circumstances, the Phillips curve would be flatter under a fixed exchange rate regime. We also provide some empirical support based on Hong Kong data. [E3; F3]
INTRODUCTION
The possible tradeoff between stimulating output andlor reducing unemployment on the one hand and curbing inflation on the other has been a long recognized problem in the design of macroeconomic stabilization policies. The relation governing this tradeoff has popularly been coined the "Phillips curve." Under the current trend of globalization when countries around the world could interact more closely with one another through trade and capital flows, the nature of the output-inflation tradeoff could be very different from that in a closed economy. This is because in an open economy, external (in addition to internal) factors can also affect both national output and domestic inflation. The result is a change in the slope of the Phillips curve. Since the Phillips curve can be conceived of as a policy constraint in the government's stabilization problem, the change in slope would imply a change in the nature of stabilization policies as well.
Despite the trend towards increasing integration of the world economy through liberalization of both the current and capital accounts, much of the theoretical analysis of the Phillips curve has been confined to closed economy contexts. In open economies, one important factor that may affect the inflation-unemployment tradeoff is the degree of capital mobility. In the context of the Mundell-Fleming (ad hoc Keynesian) model, Loungani, Razin, and Yuen (2001) have shown that, due to the opposite effects of the domestic interest rate and the real exchange rate, capital mobility will have, in general, an ambiguous effect on the output-inflation , tradeoff. But the parameter estimates of Papell (1988) suggest that the realexchange-rate effect would dominate the interest-rate effect to induce a steeper ' Phillips curve under capital controls.' This result has been reaffirmed by Razin and Yuen (2002) in the context of the Woodford-Obstfeld-Rogoff optimizationbased new open-economy macroeconomic (New Keynesian) model, where consumption smoothing, which comes with the opening of the capital market, will raise the degree of strategic complementarity among monopolistically competitive suppliers of goods, thus rendering prices more sticky and magnifying the output responses to nominal shocks to generate a flatter Phillips curve.2 Empirical support for this relation between capital mobility and the output-inflation tradeoff is provided by Loungani, Razin, and Yuen (2001, 2002) , who find that countries that impose greater restrictions on capital mobility do tend to have steeper Phillips curves and lower sacrifice ratios.
Another, no less important factor that may affect the output-inflation tradeoff in the open economy is the choice of exchange rate regimes. Flood and Marion (1982) , for instance, show how a change in the exchange rate system will alter the degree of international transmission of disturbances through a change in the expectations formed by rational agents in the asset market and consequently a change in the slope of the aggregate supply curve (an analog of the Phillips curve). But they do not indicate exactly how the slope varies across exchange rate 'under capital controls, the interest-rate effect arises because interest rate parity will not hold, so that more room is left for the domestic interest rate to adjust to shocks. On the other hand, the real-exchange-rate effect arises because the zero net-trade-balance restriction (when the capital account is closed) will limit the flexibility of the real exchange rate. These two opposing effects on aggregate demand also account for the changing slopes of the Phillips curve under different degrees of capital mobility.
2~apital-account openness would stabilize consumption, and marginal utility, fluctuations. This will rigidify adjustments in the reservation wage. Thus given a shock, the flex-price firms will adjust their prices by less than otherwise. This implies that the fix-price firms will have to adjust quantity of labor, hence output, by more than otherwise. This is why the Phillips curve is flattened.
Conversely, we also show how shutting down trade altogether will further steepen the Phillips curve relative to closing the capital account only. Trade openness has a disciplinary effect on the flex-price firms. Given a negative (inflationary) shock, in the presence of international competition, the flex-price firms will adjust their prices by less than otherwise. This implies that the shock will take away from (or add to, in the case it is a positive /deflationary shock) the demand faced by the fix-price firms, thus resulting in a larger output gap and a flatter Phillips curve. regimes."i~ardo and Moore (1999), on the other hand, have extended empirically the Phillips curve to an open economy using a market-based and observable measure of inflation expectations, and shown how supply shocks as well as changing inflation expectations were equally responsible for the empirical failure of the Phillips curve in the 1970s. But they do not address the role of ! exchange rate regime on the slope of the Phillips curve either. A more relevant paper for our purpose is Ghironi-Giavazzi (2000) . They consider how the size of the country may affect the employment-inflation tradeoff under different exchange rate regimes and, on this basis, how the optimal size of a currency area can be determined.
Instead of worrying about the role of country size, we shall focus on a small open economy and examine how the choice of exchange rate regimes may affect the slope of the Phillips curve. The rest of the paper is organized as follows. Section 2 presents a theoretical analysis of the relation between two polar exchange rate regimes on the one hand and the output-inflation tradeoff on the other. Some preliminary evidence based on data from Hong Kong (a small open economy) during two different exchange rate periods is reported in Section 3. Section 4 concludes and suggests directions for future research. A brief review of the historical development of the Phillips curve is contained in Appendix I.
THEORY BASED ON THE STOCHASTIC DYNAMIC MUNDELL-FLEMING MODEL
Consider a stochastic dynamic version of the Mundell-Fleming model. Such a framework assumes a set of exogenous stochastic processes (e.g., money supply) which drives the dynamics of the equilibrium system. Since economic agents are forward-looking, each short-run equilibrium is based on expectations about future shocks and the resulting future short-run equilibria.
For simplicity, we express all variables in logarithmic forms (except for the interest rates) and assume all behavioral relations are linear in these log variables. This linear system can be viewed as an approximation from an original nonlinear system.
Aggregate demand in period t, $', specified as a function of an exogenous demand component, d , the domestic real rate of interest, r,, and the real exchange 3~logoskoufis and Smith (1991) have proposed, tested, and failed to reject the hypothesis that higher exchange-late accommodation would increase the persistence of inflation differentials among countries, which are also reflected in expectations-augmented Phillips curves. Like Flood and Marion (1982) , however, they do not specify a precise exchange rate-Phillips curve relation. To make it even worse, their hypothesis has recently been proven by Kool and Lammertsma (2000) as analytically incorrect. In particular, they show that the derivative of relative i~nflation persistence with respect to the degree of exchange rate accommodation is, in general, ambiguous. rate, q,, is given by where o and q are positive elasticities. The real variables v, and q, are derived from the following nominal variables: it, the domestic nominal rate of interest; p , the domestic price level; p*, the foreign price level (assumed for simplicity to be constant over time); and s, the spot exchange rate (the domestic currency value of foreign currency). More specifically, v, = i, -E, (p,+, -pl) and q, = s, + p *p,.
Aggregate demand is positively related to the exogenous demand shock, capturing external, fiscal, and other internal shocks. The real interest rate affects negatively aggregate demand by discouraging investment and consumption. The real exchange rate affects positively aggregate demand by stimulating the traded sector (exportables and domestic production of importables).
Money market equilibrium is specified as:
where m, is the money supply at time t, and A(> 0) the interest semi-elasticity of the demand for money. As usual, domestic output/income (y,) has a positive effect on money demand, while the domestic nominal rate of interest (i,) has a negative effect. To simplify matters, the income elasticity is assumed to be unity. Price setting is based on a mix of auction markets and long-term contract markets. The market-clearing price in the auction market is pf. The price in the long-term contract market is set one period in advance according to expectations of the future market-clearing price in that market, Et.,pte. Accordingly, the general price level in the domestic economy, p , is given by a weighted average of these two prices:
where B(E [0,1]) is the share of the auction market in domestic output. The longterm contract element is akin to Taylor (1981) and Fischer (1981) . This introduces an element of price rigidity into the system.
Under free capital mobility, interest parity prevails. Assuming risk neutrality, uncovered interest parity should hold, i.e., where i* is the world rate of interest, assumed for simplicity to be constant over time. Through costless arbitrage, the return on investing one unit of domestic currency in domestic security, i, is made equal to the expected value of the domestic currency return on investing the same amount in foreign security, which yields a foreign currency return, i*, plus an expected depreciation of domestic currency, Et(st+~st)
The equilibrium system consists of the four equations (1)-(4) at each point in time. The shock processes that drive the dynamics of the equilibrium system are:
where g, and g, are the deterministic growth rates of output and money, and E), , E~, , E,, are independently and identically distributed (i.i.d.) supply, demand, and money shocks with zero means and constant variance^.^ Accordingly, our specification assumes that the system is bombarded by permanent shocks in a random walk fashion. Note that although equation (5a) indicates that the supply of natural output is exogenously given (so that the aggregate supply curve is vertical), equilibrium output is demand-determined under sticky prices. This explains why the output gap (gap between actual and natural output) is not necessarily zero in the fullfledged solution
The Phillips Curve rcnder Flexible and Fixed Exchange Rate Regimes
Since our framework is both forward-and backward-looking, a systematic procedure is required to obtain a solution. We thus apply a two-stage procedure for solving the equilibrium system (1)-(5). In the first stage, we solve for a flexible price equilibrium that corresponds to this system. In the second stage, we 4~o guarantee the existence of a long-run (steady-state) equilibrium for our system, the deterministic growth rates of output on both the supply and demand sides (g,) are assumed to be identical. use the flex-price equilibrium to arrive at a full-fledged solution for the mixed fixflex-price system. [See chapter 4 of Frenkel, Razin, and Yuen (1996) for details.] The same solution procedure is applied to both the flexible and fixed exchange rate scenarios.
A. Flexible Exchange Rates

I
Denoting the excess of natural output y: (i.e., output under the flex-price equilibrium) over and above actual output y, (i.e., output under the full-fledged equilibrium)5 by ut = y: -y,, we have an expectations-augmented Phillips curve relation between unanticipated inflation (?I., -z:) and the output gap (u,) as follows:
where the superscript 'e' denotes the flex-price equilibrium and z : = g, -g,,.
Equation (6a) shows that the Phillips curve is flatter when the aggregate demand elasticities o (with respect to the domestic real rate of interest) and q (with respect to the real exchange rate) are higher. The effect of the interest semi-elasticity of money demand (A) on the slope of the Phillips curve is, however, ambiguous, depending on whether o + q exceeds or falls short of unity. The source of this ambiguity is derived from the more fundamental ambiguity in the effects of excess innovations on the domestic nominal interest rate and spot exchange rates. (See Appendix I1 for derivation of these results.)
B. Fixed Exchange Rates
I Under the alternative fixed exchange rate system, s, = S (some constant target level). If the system is stable and fully credible, then El (s,,,) = s, = S so that, from equation (4), the uncovered interest parity implies that the domestic nominal interest rate is given by i, = i*. The real exchange rate is simply q, = S + p * -pr. 5~h i s excess capacity is obviously positively related to the rate of cyclical unemployment (i.e., the gap between actual and natural unemployment). That is why the expectationsaugmented Phillips curve is sometimes specified as a relation between unanticipated inflation and cyclical unemployment.
As shown in Appendix 11, the Phillips curve now becomes:
where ?cfe = 0 in this case. Again, the slope of the Phillips curve is decreasing in the aggregate demand elasticities oand q.
C. A comparison
In summary, the (absolute) slope of the Phillips curve under flexible exchange rates is given by:
whereas the (absolute) slope of the Phillips curve under fixed exchange rates is given by:
We can thus conclude that 4"" = 4 ' 1 as o + q = 1 . 6 < < Intuitively, since flexible exchange rates provide an extra degree of freedom to support the adjustment of other prices in buffering the real economy against various shocks, we would expect a given change in unanticipated inflation to be (I In the text, we are referring to the tradeoff between the levels of the output gap and unanticipated inflation. In fact, one can also show using the results in Appendix 11 that the tradeoff between output volatility and inflation volatility-so-called volatility tradeoff that is also popularly discussed in the policy literaturesatisfies similar relations. In particular, = q5 ''era,, and g,T = q5 Ii.' % under the flexible and fixed exchange rate regimes respectively. In other words, the same slope comparison carries over from the level frontier to the volatility frontier. ~ associated with a smaller change in the output gap, i.e., a steeper Phillips curve. The result above indicates, however, that this need not be true if the elasticities of aggregate demand with respect to the domestic real interest rate and the real ~ exchange rate are sufficiently small-so that aggregate demand is not sensitive to price changes anyway..
From the parameter estimates of Papell (1988) summarized in Loungani, Razin, and Yuen (2001) , we see that o+ 7 is likely to exceed unity (cf. 1.27 in Germany, 0.88 in the US, and 2.56 in Japan). This confirms our intuition-Ahat the Phillips curve would be steeper under the floating rate regime-as a "normal" case.'
Note also that while the change in exchange rate regimes will leave the natural output unchanged (given yte = y,'), it will alter inflation expectations, with right-> > side justification (n' )""= gmg , = 0 = (n' )"I as g , = g , . In the usual case where < < g, > g,, the two Phillips curves will intersect somewhere in the 4th quadrant of the unplane. Changes in the expected rate of inflation due to permanent changes in the relative money-output growth rates will then shift the Phillips curve around under the floating rate regime, but not also under the alternative fixed rate regime.
SOME EVIDENCE FROM A SMALL OPEN ECONOMY
1 As a reflection of the Lucas critique, the choice of exchange rate regimes can affect both inflation expectations and the degree of tradeoff between inflation and output. Since Hong Kong adopted a floating exchange rate regime during the period November 1974-September 1983 and a fixed (so-called "linked") rate regime since October 1983, it provides a natural laboratory for us to empirically examine the exchange rate-Phillips curve relation. In particular, we shall use Hong Kong data to examine how the nature of the output-inflation tradeoff as exemplified by the expectations-augmented Phillips curve may have been altered by a switch from the floating exchange rate regime to the fixed rate regime in 1983.
A. The Data and the Empirical Methodology
Our price and output data are drawn from the HKSAR government's GDP estimates, 1975 GDP estimates, -2000 . We use the GDP as our measure of nominal output, and the GDP deflator as a measure of the price level. Real output (output at constant 1990 prices) is obtained by dividing nominal GDP by the deflator. The inflation rate is simply the rate of change of the price level, i.e., q = (P, / P,,) x 100. All computations and statistical analysis in the remainder of this paper are based on the inflation and real output data so constructed.
From our theory, the expectations-augmented Phillips curve can be stated as follows:
I where and 7~: are the actual and expected rates of inflation at time t, u , the output gap at time t, and 4 the (absolute) slope of the Phillips curve respectively.
The simple Phillips curve is just a special case with ne = 0. Equation (6) suggests the following form of a regression equation:
where is the intercept, and PI the slope, of the Phillips curve, and E the residual errors. Comparing equations (6) and (7), we have Po = 4 and p, = 4.
Our theory in the previous section suggests that, due to changing inflationary expectations and the changing tradeoff between inflation and output under different exchange rate arrangements, Po and PI will vary across exchange rate systems. In the "normal" (intuitive) case, our null hypotheses are that plfie\ >~lfiX a n d p r >p, '
". To implement a test of these hypotheses, a measure of excess capacity, u,, is required. We shall measure u, by the logarithm of detrended output, i.e., deviation of actual log output from its growth trend. Suppose output grows continuously at the long-run constant rate g, then y, =yo . exp (gt), implying that In@,) = In@") + gt. The (1og)linear trend can thus be fitted by running the following regression: lnO/,) = a. + alt + u,, where a;l and a, are estimates of lnbo) and g, and the residual u-the deviation of lnb,) from trend-is precisely our measure of excess capacity. This completes the description of our method of constructing u,.
We are now ready to use the regression equation (7) to examine how the Phillips curve depends on the choice of exchange rate regimes. Three sets of regression are run for the following time periods: 1975-1982, 1984-1996, and 1975-1996 . The rationale behind our choice of time periods lies in the historical development of the exchange rate system in HK. Following the abandonment of the Sterling Exchange Standard and subsequently the US dollar peg, Hong Kong entered an era of floating exchange rate in November 1974. The system lasted until October 1983 when, being shaken up by the confidence crisis prior to the Sino-British Agreement of 1984, it was replaced by the Linked Exchange Rate. This is still the system we have in place, even after the handover of sovereignty from the British to the Chinese in 1997. This explains why we divide the period 1975-1996 into two sub-periods: 1975-82 (the floating rate period) and 1984-1996 (the fixed rate period), after dropping the interim years, 1974 and 1983, which were "contaminated" by the mixture of the two exchange rate regimes. We have also thrown out the more recent 1997-2001 period as there were credibility problems during and after the speculative attack on the HK dollar in October/November 1997 and August 1998 .'
B. The Findings, Plausible Interpretations, and Policy Implications
Table 1 provides measures of the average levels and variability (in terms of both standard deviations and coefficients of variations) of inflation and output in Hong Kong. Owing perhaps to the insulating property of fixed exchange rates, inflation was more volatile in the floating rate than in the fixed rate period while output volatility was about the same in both periods. For sure, these differences could also reflect changes in the economic environment (e.g., nature of economic shocks) in addition to changes in the exchange rate regime across the two periods. Three Phillips curves are estimated based on the regression equation (7), and least square estimates of their intercepts and slopes are summarized in Table 2 . The Phillips curve under the floating rate regime has a bigger intercept and slope than its fixed rate c o~n t e r~a r t .~
In other words, in the case of Hong Kong, the expected rate of inflation was found to be higher under the floating rate system, and the cost of output expansion in terms of (unanticipated) inflation was found to be smaller under the fixed rate system. '~e c a l l that our theory assumes that the fixed exchange rate system is fully credible. 9 The slope estimate under the floating rate period is not significant, though. intercept slope Note: Standard errors of'the parameter estimates are given in parentheses.
I
In order to scrutinize more rigorously whether the intercept and slope parameters are significantly different under the two regimes, we have also conducted tests of structural change by running three additional sets of restricted regressions: (i) intercept parameters are restricted to be regime-invariant, (ii) slope parameters are restricted to be regime-invariant, and (iii) both intercept and slope parameters are restricted to be regime-invariant. The results are compared to those from the unrestricted regression to form an F-test of whether the intercept and slope parameters vary across exchange rate regimes. The test shows that although we can reject the hypothesis that all (both the intercept and slope) parameters are the same across the two regimes at the 5% level, we cannot reject it at the 1% level. Neither can we reject the hypotheses that the intercept (slope) parameters are the same, given the slope (intercept) parameters are the same, across the two regimes. In this sense, the evidence is not clear enough for us to draw a definite conclusion. Given the relatively short data series and the low goodness-of-fit, a more rigorous study using more sophisticated econometric techniques and longer data series from other countries is nonetheless called for.
1
In any case, can some policy implications be drawn from such results? Hardly, for at least two reasons. First of all, our empirical methodology assumes I implicitly that the Phillips curves we have estimated for the two exchange rate regimes are stable. In particular, expected inflation rates are restricted to be constant across time although they can vary across exchange rate systems. In reality, inflationary expectations may be affected by other economic or political factors in addition to exchange rate regimes. On the other hand, changes in the natural output over time may also alter the growth trend from which detrended output deviates. This is especially relevant to the current situation in Hong Kong, given the rise in structural unemployment due largely to sectoral shifts and the relocation of manufacturing plants to South China in the past decade. Obviously, time-variations in the expected inflation rate andlor natural output can shift the expectations-augmented Phillips curve around. In other words, what we have traced are possibly inflation-output pairs from many (instead of a single) short-run Phillips curves. This is the infamous "identification problem" in econometrics. In order to identify the Phillips curve, a complete structural model that includes specification of the inflation expectations-formation process and the determination of the natural rateloutput is necessary. Policy-wise, the inflation-output tradeoff we obtain from our regression analysis is not an easily exploitable one, given the Phillips curve is unstable.
Second, even when the Phillips curve is stable, the inflation-output tradeoff may still not be a very useful one for policy makers. One has to remember that the curve is merely an ex post statistical relation. Familiar arguments from the Mundell-Fleming model tell us that the effectiveness of government policies in regulating output can be limited by the choice of exchange rate regime: In the i presence of free capital mobility, monetary policy is totally ineffective under fixed exchange rate while fiscal policy becomes ineffective under the floating rate. As mentioned above, one will also lose control over inflation when monetary policy is to target the exchange rate, as under the fixed rate.
In fact, the active non-intervention philosophy of the Hong Kong government during the period of study suggests that, even if the tradeoff were stable, it would not have been exploited to fine-tune the economy. On the one hand, its conservative, surplus-prone budgetary policy has been designed more for revenueraising than discretionary purpose. On the other hand, its strict adherence to the linked exchange rate system has made its monetary policy completely passive and accommodating (i.e., its money supply becomes essentially endogenous).
CONCLUSION
The objective of this paper is to understand how globalization (in the form of opening up an otherwise closed economy to commodity trade and foreign investment) would interact with the exchange rate regime chosen by a small open economy to determine its output-inflation tradeoff.
Based on the stochastic dynamic Mundell-Fleming model, our theory suggests that, under "normal" circumstances, the Phillips curve would be flatter under a fixed exchange rate regime. Our preliminary empirical finding based on Hong Kong data also provides some support for this result.
A lot of room remains for improvement of our analysis. A list of the possible extensions in three alternative directions follows. All these issues are left for future research.
A. Theoretical Extensions
Embedding New Keynesian microfoundations along the lines of Obstfeld and Rogoff (1996) , Woodford (2002) , and Razin and Yuen (2001) . (Among other things, this will make aggregate supply endogenous.)
Comparison with open-economy extension of the New Classical model with imperfectlasymmetric information. A more fair assessment of macroeconomic effects of exchange rate arrangements by conducting some counter-factual simulations that involve estimating the shocks that affected the economy in one exchange rate period and artificially imposing them on the economy in another exchange rate period (see, e.g., Kwan and Lui 1999) 
C. Policy Implications
What are the implications of the changing slopes of the Phillips curve for -the optimal design of monetary and fiscal policy (in stabilizing inflation and output) in the open economy?
the optimal choice of exchange rate arrangements? -the optimal degree of trade-account openness and capital-account openness?
APPENDIX I
A Brief History of the Phillips Curve I First discovered by Fisher (1926) and later rediscovered by Phillips (1958) , the term "Phillips curve" refers to the negative correlation between inflation and unemployment.
Academics notwithstanding, this empirical regularity is I especially appealing to policymakers as it is believed to offer an exploitable tradeoff between two important macro policy targets and a useful tool for inflation forecasting.
[See Atkeson and Ohanian (2001) .] Such tradeoff, the so-called simple Phillips curve, was nonetheless proven by the theoretical contributions of Friedman (1968) and Phelps (1968) in the late 1960s and the observed phenomenon of stagflation in the 1970s to be an unstable and unreliable one. Since you may fool all of the people some of the time and some of the people all of the time, a tradeoff may still exist in the short run between unanticipated (i.e., difference between actual and expected) inflation and cyclical (i.e., difference between actual and natural) unemployment. This tradeoff will, however, vanish in the long run or may not even exist in any case if people form inflation expectations rationally (because you cannot fool all of the people all of the time). In other words, the inflation-unemployment relation is better described by the expectations-augmented Phillips curve.
Up to the mid-1980s, as McCallum (1990) summarizes, there were at least 4 basic types of Phillips curve or aggregate supply theories, viz., (i) the New Classical flexible price, monetary ~nisperceptions theories [Lucas (1972) ], (ii) the New Keynesian sticky price theories [Fischer (1977) , Ball, Mankiw, and Romer (1988) ], (iii) the "non-accelerating-inflation rate of unemployment" (NAIRU) theories [Tobin (1980) ], and (iv) the "reverse causation" result of real business cycle (RBC) theories, which maintain that there is no such relation as a Phillips curve [King and Plosser (1984) l. Empirical tests have nonetheless failed to deliver clear-cut conclusions as to which is a better theory of the Phillips curve [see, e.g., Barro (1978) , Mishkin (1982) , King and Watson (1994) , and Roberts (1 995)l.
More recently, reflecting on the current understanding about the inflationunemployment tradeoff, Mankiw (2000) has described it as "inexorable" and "mysterious", and identified the resolution of the inconsistency between standard models of inflation-unemployment dynamics on the one hand and conventional views about the effects of monetary policy on the other as a prominent outstanding puzzle for business cycle theorists. The sustained interest of the profession on the subject of the output-inflation tradeoff has been further witnessed by the publication of a special issue on "The Return of the Phillips Curve" in the Journal 1 of Monetary Economics (1 999) as well as the symposium on "The Natural Rate of Unemployment" in the Journal of Economic Perspectives (1997) . Among other things, people nowadays are most concerned about the time-varying NAIRU and its implications for the instability of the Phillips curve and thus the exploitability of the inflation-output tradeoff by policymakers for their design of stabilization policies. For one, Sargent (1999) has shown how policymakers in the US increased inflation In the 1960s by following erroneous assumptions about the I exploitability of the Phillips curve.
Every now and then, new ideas andlor terminologies get attached to the subject, ranging from inflation persistence [Fuhrer and Moore (1995) ], to the relation of the output-inflation tradeoffs to sticky information [Mankiw and Reis (2001) l and productivity growth [Ball and Moffitt (2001) ], to nonlinear [Laxton, Rose, and Tambakis (1999) l and sunspot [Chichilnisky, Heal, and Lin (1995) l Phillips curves-to name just a few examples. However, the analysis of these papers as well as the ones mentioned above is largely confined to closed economy contexts. Analysis of the Phillips curve in open economy settings is summarized in the introductory section of this paper.
Last but not least, there are two strands of the literature that are closely related to our paper. The fust is about the slope of the Phillips curve. The second is about the implications of the Phillips curve for monetary policy rules. Among examples of the former, Lucas (1973) conjectures and confms empirically that countries with hgher variability in nominal GNP growth will have steeper Phillips curves, while Ball-Manluw-Romer (1988) show that a higher mean inflation rate will produce similar slope effects. Examples of the latter include Cecchetti and Ehrmann (1999), Clark, Goodhart, and Huang (1999) , Dittmar and Gavin (2000) , and Kiley (1998). These papers are mainly concerned about the implications of alternative versions of the Phillips curve (say, New Classical vs. New Keynesian) for the usefulness of inflation targeting and other monetary targeting rules in controlling inflation and output volatilities. [See also Svensson (2000) for an open-economy analysis.] In so doing, I they have also highlighted another, related tradeoff, i.e., that between inflation variability and output variability. [See also Walsh (1999) .]
APPENDIX I1
Derivation of the Full-Fledged Solution and the Phillips Curve
A. Flexible Exchange Rates Solution
Using the superscript 'e' to denote the flex-price equilibrium, the first-stage solution can be determined as follows.
When prices are perfectly flexible and the supply of goods is exogenous, output must be supply-determined, hence yte = ys.
With constant money demand elasticities, the expected rate of inflation (which turns out also to be the actual inflation rate) must be equal to the difference between money growth and output growth, hence nj = g,,,gv Since world prices are constant in the foreign country (hence zero world inflation), both the real and nominal world rates of interest must be equal to i*. 
I
Given the domestic real interest rate, the real exchange rate that equates output demand to the exogenous supply of output can be solved from the aggregate demand equation as qie = ( y jd, + oi* ).
Given the domestic nominal rate of interest and output, the domestic price level consistent with money market equilibrium is pre = m, -y," + A(i* + g, -g,).
Finally, we can derive the nominal exchange rate from the definition of the real '+pIe -p a = mi+ (Ll) y, ' -($) dl+ (f+A)i*-p* + A(&,, -E,, ) .
exchange rate as sf = q, ' I Given the flex-price equilibrium, the full-fledged equilibrium (second-stage 1 solution) can be found as follows.
Derivation of p,.
Derivation of G.
OPENNESS AND THE OUTPUT-INFLATION TRADEOFF
Derivation of q,.
i using the money market equilibrium condition = ( 2 + 0 ) Et [(9,+,q:+, -(9, -9: )]
= Et [(qt+,+ P~+I -P * ) -(9: + P, -P * ) ] -(gmgy = Ei (9,-1 -9,) + (1 -6 ) (E,, -E,, ), and 5 -5' = [it -Et (Pt+, -Pt )] -[i: -Et (P:,, -P:)] = (itite) -( I -6)(srn, -E~, ) = Ei (%+I -9,).
If we guess solution of the form q, = qr + K(E,? -E~, )
and substitute it into the q(qtqte) equation above, we can solve for K = (1 + A)(1-8 ) 1 (A + a + 7).
Hence the solution for the real exchange rate is given by:
Derivation of r,.
Derivation of s,.
Derivation of y,.
In summary, the full-fledged solution can be stated as:
OPENNESS AND THE OUTPUT-INFLATION TRADEOFF Pt = P: -(1 -@I(&"., -E,, I, i where pte = mty,' + A(i* + g, -g,);
where nte = gmg,;
where q, C' = $ (y: -dt + oi*);
where ite = i* + g,,,g,, ;
where r," = i*;
where s e = m + ( 7 i -1 ' 1 y 't i v ) d + ( 7 g + A 1 i*-p*+A (&,, -E , , ) ; and I where y," = ys . The Phillips curve equation that we stated in the main text for the case of flexible exchange rates-viz., equation (6a) --can be obtained by combining equations (A.2) and (A.7) and noting that excess output capacity, is defined as u, = -(Y, -Y*" 1.
B. Fixed Exchange Rates Solution
I
Again, we denote the flex-price equilibrium by the superscript 'e'. The firststage solution can be determined as follows.
Under perfectly flexible prices and exogenous supply of goods, output is supply-1 determined, hence yf = yrs .
Under fixed exchange rates, st = S = E, (s,,, ) , so that i, = i* by uncovered interest parity.
Since world prices are constant in the foreign country (hence zero world inflation), the world real interest rate must be equal to i* . Under free capital mobility, the domestic real rate of interest must be equal to i* as well, i.e., u, ' = i* . I Given the domestic real interest rate, the real exchange rate that equates output demand to the exogenous supply of output can be solved from the aggregate demand equation as qle = $(y: -d, + oi*).
But since q, = s, + p*p, , we have ple = S + p* -4 (yryd, + oi* ), which implies that zle = El (p: , ) -pr = 0.
Finally, the (endogenous) supply of money that satisfies money market equilibrium is given by mle = p: + yfe -Ai*.
Given the flex-price equilibrium, the full-fledged equilibrium (second-stage solution) can be found as follows.
Derivation of p,. 
